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Summary  Inspired  by  the  urgent  need  to  save  life,  during  cardiac  arrest,  time  is  an  important
factor, and  time  factors,  if  not  speeded  up,  may  lead  to  death.  Baby  cries  proved  to  be  an
obstacle  for  cardiac  diagnosis.  To  speed  up  the  diagnoses,  ‘Dhoulath’s  method’  was  proposed
and result  proved  that  the  data  quality  of  cardiac  data,  ‘aortic  regurgitation  sound’  from  aSound  separation
techniques;
Stethoscope;
Frequency  based
mixture of  ‘crying  baby’s  cry’  was  faithfully  separated  out.  This  separation,  by  utilizing  the
features of  blind  source  component  separation,  in  the  case  of  medical  emergency,  can  lead  to
a speedy  diagnoses,  to  reduce  the  mortality  rate.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction to an unsolved problem
The  topic  of  analysis  and  study  is  the  cry  of  a  baby  who
confront  innumerable  inexpressible  difﬁculties  due  to  aortic
regurgitation.  Sharp,  speedy  and  perfect  timely  diagnosis,
should  be  done  regularly  to  save  their  life.  The  diagnosis  can
be  faulty  due  to  the  incessant  cry  of  the  baby.  The  aim  of  the
procedure  was  to  get  separate  data  of  aortic  regurgitation
heart  beats  and  the  cry  sound.This  paper  is  organized  as  two  sections.  ‘Traditional
approach,  analysis  &  solution’  introduces  the  traditional
approaches.  Also,  it  introduces,  the  efﬁcient  need  for
 This article belongs to the special issue on Engineering and Mate-
rial Sciences.
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licenses/by-nc-nd/4.0/).oftware  simulations,  emerging  need  for  auscultations.
Results’  presents  the  experimental  results  and  the  user
riendly  approach  which  can  be  modelled  for  physicians  for
 machine  dependent  solution.
raditional approach, analysis & solution
raditional  approach
he  audio  frequency  band  required  is  carefully  picked  up
n  traditional  stethoscope.  To  improve  the  quality  of  sig-
als,  traditional  stethoscope  utilizes  the  feature  of  band
ass  ﬁlter  and  rejects  the  unwanted  frequency  of  inter-
st.  Any  interpretation  error  can  be  serious  and  may  lead  to
eath.  The  case  study  report  of  a  conjoined  twin  baby  girl’s
eath,  after  36  h  of  life  (Antonelli,  1986),  demands  urgent
edical  diagnoses  and  development  of  technologies  in  the
ase  of  babies.  In  most  of  the  electronic  stethoscope,  signal
icle under the CC BY-NC-ND license (http://creativecommons.org/
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RFig.  1  Artiﬁcial  dela
ltering  is  done,  which  may  even  ﬁlter  out  a  valuable  data
Littmann,  2014).
houlath’s  method  to  save  diagnosing  time
o  understand  the  severity  of  time  one  should  acknowl-
dge  that  cardiac  arrest  is  a  disease,  with  an  extremely
apid  impact  measured  in  seconds  and  may  lead  to  death,  if
iagnoses  are  delayed.  In  this  paper,  we  have  taken  Aortic
egurgitation  heart  sound  and  baby  crying  sound  as  input
ata.  Our  proposed,  ‘Dhoulath’s  method’,  suggests,  fre-
uency  based  separation,  an  added  advantage  of  saving
abies  life,  by  saving  the  time  of  doctors,  which  leads  to
peedy  diagnoses,  during  medical  emergencies.
houlath’s  method
n  Dhoulath’s  method,  as  in  Fig.  1,  the  procedures  were  done
s  follows.  The  data  sample  of  a  crying  baby  taken,  is  been
ltered.  An  artiﬁcial  delayed  mixed  signal,  ‘aortic  regurgi-
ation  sound  (S1a)  -  baby  cry  sound(S2b)’,  was  developed,
nd  blind  source  component  separation  was  simulated  using
ATLAB.  Data  set  of  lesser  length  of  the  two  signals,  is  con-
idered  and  the  other  data  size  is  truncated  to  the  lesser
ength  data.
We  considered  attenuation  and  delay  parameters,  while
ixing.  For  a  two-channel  microphone  arrangement  with
wo  sources,  the  incoming  mixed  signals,  aortic  regurgita-
ion  and  baby’s  cry  mixture  X1,2(n),  was  described  in  blocks
s  x1,2(n)  =  W(n)x1,2(n).  Principle  of  blind  source  component
eparation  through  degenerate  unmixing  estimation  tech-
ique  (DUET)  was  done  for  the  estimation  of  predominant
ata  by  considering  the  W  —  disjoint  orthogonality  principle,
i(ω)Sj(ω)  =  0  for  all  i /=  j.
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Table  1  Data  samples  during  mixing  and  separation  by  Dhoulath’
Sounds  Samples  (Hz)  ε˙?  Delayed  sampling/
AR  8000  Hz  8  bits  17,000  Hz/16Bits  
Baby cry  22,050  Hz  8  bits  17,000  Hz/16Bits  
AR 11,025  Hz  16  bits  17,000  Hz/16Bits  
Baby cry  22,050  Hz  16  bits  17,000  Hz/16Bits  ixing  and  separation.
We  considered  a parameter  j as  minimum  for  any  given
ime-frequency  point,  that  belongs  to  Sj  (SEPARATION  OF
EART  MURMUR,  2014).  If  this  is  not  the  case,  the  time-
requency  point  belongs  to  another  source.  We  therefore
onstructed  a  time  frequency  mask  based  on  the  ML  param-
ter  estimator  (SEPARATION  OF  HEART  MURMUR,  2014).  We
an  see  that  for  any  given  source  j there  is  a  function  j,
hich  is  zero  for  all  frequencies  that  belongs  to  j,  by  consid-
ring  it,
j(ω)  =
{
1  ∀  j(ω)  ≤  m(ω)
0  otherwise
,
Now,  to  extract  the  discrete  time  Fourier  transform
stimate  of  the  jth  source  from  mixture  Xj(ω), S˜j(ω)  =
j(ω)Xj(ω),  can  be  determined.  At  this  point  we  have  per-
ormed  the  signal  separation  and  all  that  is  left  to  do  is  to
ompute  our  windowed  source  estimate  using  the  inverse
iscrete  Fourier  Transform, S˜j (n)  = 1N
N−1∑
n=0
S˜j(k)ej2˘nk/N.  Com-
arison  of S˜j (n),  with  the  input  sampled  signals,  was  done
nd  output  was  retrieved  back  to  the  original  sampling
ate.  (S1a)  represented  aortic  regurgitation  sound  and  (S2b),
epresented,  crying  baby  sound.  After  evaluating, S˜j (n),  if

j (n) ∼= (S1a),  then S˜j (n),  sampling  rate  output  were  ordered
o  the  sampling  rate  of  (S1a), else  to  (S2b).
esultsn  this  experiment  the  mixed  signals  used  were,  (1)  input
ortic  regurgitation  data  and  (2)  baby’s  cry  mixed  in  differ-
nt  sampling  rates,  as  in  Table  1.  Artiﬁcial  delayed  mixing
ith  gain  improved  for  audibility,  was  sampled.  This  is  shown
s  Method.
BD  Separated  result(Hz)  Sampled  output  data
17,000  Hz.  Poor  Quality  8000  Hz/16Bits
Good  Quality
17,000  Hz  Poor  Quality  22,050  Hz/16Bits
Good  Quality
17,000  Hz  Poor  Quality  11050  Hz/16Bits
Good  Quality
17,000  Hz  Poor  Quality  22,050  Hz/16Bits
Good  Quality
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Fig.  2  Steps  of  signals  from  mixing  to  separation.
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in  Fig.  2a.  Bit  depth  (ε˙),  is  an  eminent  parameter,  for  improv-
ing  the  data.  Separated  out  aortic  regurgitation  data,  at
17,000  Hz  sampling  rate  with  a  bit  depth  of  16  bits  was
different  from  the  input  saved  bit  rate.
After  the  data  separation,  by  considering  the  predomi-
nant  data  at  a  particular  time  frequency  point  was  analyzed
and  separated.  But  due  to  sampling  frequency  variation,
output  sound  frequency  was  different.  This  is  illustrated  in
Fig.  2b.  It  was  processed  to  original  input’s  sampling  fre-
quency,  8000  Hz.  This  data  part  is  shown  in  Fig.  2c.  Output
Aortic  Regurgitation,  post  processed  at  8000  Hz  and  gain
enhanced,  to  listeners  audibility  produced  good  quality  sep-
arated  out  result.  Separated  out  baby’s  cry  through  blind
source  component  separation,  at  17,000  Hz,  bit  rate,  have
given  good  separation,  but  clarity  changed,  due  to  samp-
ling  frequency  and  bit  rate  mismatch.  This  is  demonstrated
in  Fig.  2d.  Separated  out  baby’s  cry  at  22,050  Hz  with  gain
improvement  for  listener’s  audibility,  by  ordering  the  samp-
ling  frequency,  has  given  best  separation  as  illustrated  in
Fig.  2e.To  prove  the  independence  of  data  we  evaluated  the
obtained  values  in  scatter  plots,  Fig.  3.  Baby’s  cry  and  Aor-
tic  regurgitation  signals,  in  Fig.  3a,  proves  independence,
baby’s  artiﬁcially  mixed  separated  out  Aortic  regurgitation
Der  plot.
ata  with  original  aortic  regurgitation  input  proves  depend-
nce  as  in  Fig.  3b  and  separated  out  baby  cry  with  original
aby  cry  input,  proves  dependence  as  in  Fig.  3c.
onclusion
ur  objective  was  the  best  possible  separation  and  exper-
ments  culminated  in  fulﬁllment  of  the  desire  of  obtaining
his  separation.  Our  work  can  be  modiﬁed  further  to  replace
he  currently  used  stethoscope  method  in  the  medical  ﬁeld
ll  over  the  world.  Hence  if  God  wills  to  give  life,  our  work,
s  a  time  saving  technique,  to  reduce  the  mortality  rate,  in
he  diagnosis  of  a  crying  baby  during  auscultation.
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